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Objectives: This study defines aprotocol for monitoring the growth of small abdominal ortic aneurysms based on age- 
related abnormality thresholds, observed aortic growth patterns and the limits of precision of the measurement 
technique. 
Design: 13000 men aged 60 - 75 years were invited to their GP's surgery for measurement of he maximum diameter of
the infrarenal aorta. Seventy-six percent responded and measurement was possible in 97.1% of the respondents. The AP 
diameter of the aorta was measured according to a strict protocol, with a portable ultrasound scanner. 
Setting: Cases were recruited from the conurbation ofBirmingham and SolihuI1, U.K. 
Chief outcome measure: A statistical description ofthe differences in distributions ofaortic diameters offour age groups 
of males. 
Main result: The aorta expands in diameter during the seventh and eighth decade for up to 25% of all those screened. The 
order of magnitude ofthis change is similar to that previously attributed to the growth of small aneurysms. Age-related 
thresholds for abnormality should range from 24 mm for a 60 year old to 37 mm for a 75 year old. 
Conclusions: Using data on the expected maximum rate of change of the dilated aorta and statistically derived thresholds 
from this analysis a monitoring strategy is suggested for those with an abnormal orta. 
Introduction 
The incidence of abdominal aortic aneurysms is 
increasing I and much interest is focused on the issue 
of mass screening as a means of reducing the high 
mortality of this disease. The fate of a patient with a 
large abdominal aortic aneurysm has been explored 
by many authors but the rationale for clinical manage- 
ment of the elderly patient with a small dilatation of 
the abdominal aorta is not always consistent. The 
radiologist performing an abdominal examination for 
other conditions may note the presence of an ectatic 
aorta but often the finding is not reported or acted 
upon. This same patient, however, may be diagnosed 
as having a small aneurysm by those screening for 
abdominal aortic aneurysm and, in this case, a policy 
of regular tests to monitor the diameter of the aorta 
would normally be followed. However, among those 
investigating screening for aortic aneurysm, protocols 
defining the threshold of abnormality and the time 
interval necessary between scans vary 5-~° and there is 
little discussion about the definition of an abnormal 
aorta. It has been suggested that a ratio of the diameter 
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of the suprarenal to infrarenal aorta is taken and that 
ratios in excess of 1.5 be considered abnormal 7 but this 
definition is not widely used among vascular surgeons 
reporting the results of trials. 5'6'~°-12 Most screening 
trials use a threshold iameter, above which patients 
are assigned to an abnormal category. Until more is 
understood of the aetiology of small aneurysms, 
incorrect choice of a threshold for abnormality may 
lead to inappropriate clinical action. Too high a 
threshold increases the chance of dismissing an 
aneurysm with a significant rupture risk. Conversely, 
too low a threshold may result in costl~ excessive and 
unnecessary investigations and a significant loss of 
quality of life for the patient. 
It is current practice to monitor an enlarged aorta 
for growth, making the assumption that enlargement 
heralds the primary stages of aneurysm formation. It
has been shown, however, that the aorta expands 
throughout adult life, 13'~4"2~ and other benign causes 
for marginal aortic dilatation should be discounted 
before a patient is diagnosed as having a small 
aneurysm and hence a potential risk of aortic rupture. 
In this paper, statistical techniques are applied to 
explore the distribution of diameters of the infrarenal 
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aorta found in a whole population of screened males 
between the ages of 60 and 75 years. By examining the 
range of aortic diameters found in this population, the 
diagnosis of a small aneurysm can be linked to a 
statistically sound definition of abnormality, based on 
the known prevalence of large aneurysms, rather than 
an arbitrarily chosen threshold. 
Method 
Between 1989 and 1993 13 000 men in the Birmingham 
conurbation, aged between 60 and 75 years, were 
offered a diagnostic ultrasound scan of the abdominal 
aorta. Rather than approaching patients directl?6 GPs 
were recruited to the trial and the patient received an 
invitation to the screening test from his own GP. All 
eligible patients within individual practices were 
invited for the test. 1~ 
The diagnostic ultrasound scan was performed at 
the participating GP's surgery by a trained sonogra- 
pher using a portable ultrasound scanner (Pie Data 
UK Ltd 150s). For each patient he aorta was imaged 
through the anterior abdominal wall in a transverse 
plane. The maximum anterioposterior diameter of the 
aorta was recorded. The poorer lateral resolution of 
the ultrasound transducer, atright angles to the beam 
axis, did not allow a sufficiently accurate and precise 
measurement of the transverse diameter of the aorta 
when imaged from the anterior abdominal wall. 
Further, because of the likelihood of refraction of the 
ultrasound beam around the transverse walls of the 
aorta it was felt that any measurement of the trans- 
verse diameter in this plane would be unreliable. The 
transverse diameter was therefore not recorded. 
Throughout the 4 years of the study an ultrasound 
quality assurance protocol has been used, including 
annual checks of operator error and scanner 
performance, is 
Statistical methods 
The range of aortic diameters of four groups of men 
were investigated. The first group contained 60-year- 
old males attending for screening. The other three 
groups contained 65, 70 and 75 year olds respectively. 
The method of Exploratory Data Analysis first pro- 
posed by Tukey 16 was used to investigate he range of 
diameters in these four groups. The aortic diameters 
were placed in order of increasing size. The ordered 
data were then divided at the median (M) into two 
halves. The upper and lower halves were further 
halved and subsequently each extreme portion of the 
data values was halved again repeatedly, as shown in 
Fig. 1. Thus, these distributions are described by the 
data values, in this case the aortic diameters, at which 
the partitions fall. Using Tukey's nomenclature, the 
median is at the greatest depth (farthest from the 
extremes) in the ordered ata and the position of each 
successive partition is given by: 
Depth of partition = (previous depth + 1)/2 
working out towards both extremes. The values at 
which the divisions occur are called the Letter Values. 
These start with the median (M), and are followed by 
the lower and upper fourths (F), dividing the distribu- 
tion into four parts, eighths (E), dividing the distribu- 
tion into eighths, and so on, using the letters of the 
alphabet (D), (C), (B) to denote partitions towards the 
extremes. The Letter Values are related to the propor- 
tion of data to be found beyond the partition and 
towards the extremes of the distribution as shown in 
Fig. 2. 
Results 
Scanning precision 
The repeatability standard deviation, ~6 was main- 
tained at a maximum of 1.3 mm (range 1.1-1.3 mm) 
for the duration of the study. The calliper resolution 
remained stable at 1 mm and other scanner parame- 
ters showed minimal subjective variation. 
Patients 
Seventy-six percent of males (10061 out of 13000) 
between the ages of 60 and 75 years accepted an 
ultrasound test of the abdominal aorta. It was possible 
to visualise and measure an AP aortic diameter in 9771 
cases (97.1%). Data from four subsets of patients aged 
60, 65, 70 and 75 were extracted for further analysis. 
The numbers in each group were successively 352, 
692, 732 and 351. 
Results from the statistical analysis 
The letter values for the distribution of aortic diame- 
ters for the four subsets are plotted in Fig. 3. Also 
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plotted is a standard Gaussian distribution, expressed 
in letter values, with the same parameters as the 
distribution of 60 year olds (~ = 20.8. o = 3.3). The 
median of the distribution of diameters for all 9771 
patients was 21 ram. The subsets also all had a median 
of 21 mm. As can be seen from Fig. 3, below the 
median the distributions of all subsets show no 
variation with age and all closely follow the shape of 
the Gaussian distribution. However, for diameters 
greater than the median marked changes are seen with 
increasing age. An arresting feature of the distribu- 
tions beyond (C) in Fig. 3 is the truncation of the larger 
diameters for 75 year olds. Indeed the line falls below 
that for the 70 year olds. The absence of larger 
diameter aortas in the 75-year-old istribution can be 
seen as a confirmation of the increasing incidence of 
death due to rupture in the over 70s) 8 The truncation 
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Fig. 1. Distribution of aortic diameters of 10061 males aged between 
60 and 75 years partitioned at specified Letter Values. 
of the distribution suggests that the rate of rupture of 
large aneurysms exceeds the incidence of new large 
aneurysms over the age of 70 years, indicating that a 
single scan between the ages of 65 and 70 years may be 
sufficient for screening purposes. 
Fig. 3 reveals a change in diameter with age for the 
whole population with aortic diameters greater than 
the median. The upper letter values are given in Table 
1 for the four age groups and for the total distribution 
of all patients scanned. Between the upper letter 
values (E) and (D) are found the aortic diameters that 
have traditionally been set as thresholds for abnormal- 
ity. 5'6'10'11 At 65 years almost 99% of the population 
have aortic diameters less than 40 mm, whereas at 
Median 
Lower 
M 
25% < < 50% 
F 
12.5% < < 75% 
<E 
6.25% < 87.5% 
3.1% < <D 93.75% 
<C 
1.6% < 96.875% 
B 
Upper 
> > 25% 
F> > 12.5% 
E> > 6.25% 
D> > 3.1% 
C> > 1.6% 
B 
Fig. 2. The proportion of data partitioned at each depth using Letter 
Value analysis. Values are percentage of data points. 
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Fig. 3. Letter values for subgroups of males aged 60, 65, 70 and 75 years plotted against distance of the partition from the median. 
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Table 1. Upper Letter Values for the four groups of males aged 60, 
65, 70 and 75 years and for the total distribution of 10061 patients 
Upper letter value 
Age (years) M H E D C B A Z 
60 21 22 23 24 26.5 30 34 41 
65 21 22 25 27 32 37 59 61.5 
70 21 23 25 32 41 60 63 73.5 
75 21 25 29.5 37 48.5 57 63.5 66 
AHpatients 21 23 25 30 38 49 59 66 
aged 70 years only 93.75% of the population have 
aortas below this diameter. Again, at 65 years old, 97% 
of the population have a diameter of 32 mm or less, 
whereas for 75 year olds only around 87% are below 
this value. If these proportions of the population are 
related to the 3% overall prevalence of aneurysms 
greater than 40 mm, it is apparent that many of these 
enlarged aortas will not become large aneurysms. 
Below the median no changes with age are apparent. 
This analysis indicates that there are changes in the 
diameter of the aorta for between 12.5-25% of the 
population between 60 and 75 years of age and shows 
that the orders of magnitude of these changes in 
diameter are in excess of the limits of precision, and 
similar to those changes in diameter previously 
reported as the growth of small aneurysms. 2°'21"22 
Discussion 
The results of this analysis can be related directly to 
reports by other authors. For example, a study based 
in Gloucestershire 6 reports the prevalence of aortas 
greater than 25 mm among a male population aged 65 
years as 7.8%. This diameter is to be found between 
letter value at (E) and (D) in this study and the 
percentage of the population agrees well with the 
Gloucester study, but confirms a slightly higher 
prevalence for the urban area as has been reported 
previously. 11 Reports of the prevalence of aortic 
diameters greater than 40 mm range from 
1%-3%. 1"5-8'2°m As can be seen from Fig. 3 this 
diameter is between (B) and (A) indicating that 
approximately 1.6% of the population have an aorta of 
40 mm at aged 65 years. This agrees well with the 
Gloucester findings of 1.5%. 
Setting thresholds for abnormality 
Those who have initiated mass screening for aortic 
aneurysm have used a threshold iameter to define 
abnormality, s'6"1° It is often not clear how these 
thresholds have been decided upon. This present 
analysis would indicate that ageing plays a far greater 
role in the widening of the aorta than has been 
allowed for by those writing protocols for screening 
trials. 5'6'1°'12 When deciding who should be recalled 
for monitoring of aortic growth it seems that the upper 
letter values may be useful in defining threshold 
values. Clearly, to set the threshold between ormal 
and abnormal at level (C) in Table 1, representing 3% 
of the population, would not be acceptable for the 
over 70 year olds as aneurysmal aortas would be 
excluded from follow-up. However, letter value (D), 
representing 6% of the population, may be an accept- 
able threshold. Using this threshold, a 60 year old with 
aortic diameter greater than 24 mm would be followed 
up but a 75 year old with diameter less than 37 mm 
would not. Thus, the threshold for distinguishing 
between the normal and abnormal abdominal aorta in 
males over 60 years can be related to the age of the 
patient and need not be an arbitrary decision. 
Intervals between scans 
It is in the interests of both the patient and the health 
care system that appropriate patients are offered 
rescans and that the number of monitoring scans 
performed are restricted to a safe minimum. In the 
Birmingham study a follow-up scan costs up to nine 
times more than the initial diagnostic scan. Using an 
age-related threshold for abnormality and known 
growth rates of the aorta, 21-23 it is possible to construct 
guidelines for an appropriate rescan interval. 
The growth rates used are taken at the upper limit 
(upper 95% confidence interval) of 93 patients fol- 
lowed up during the Birmingham Study. 24 There are 
no reports of growth rates in excess of these limits and 
these maximum limits therefore rr on the side of 
caution. The precision with which the aorta can be 
measured also influences the interval between rescans. 
If those performing the scan can achieve aprecision of 
no better than + 5 mm 25 and an aorta of diameter 35 
mm grows at 2 mm per year, change due to growth 
alone will not be detectable in under 3 years. Table 2 is 
formed from a consideration of maximum expected 
exponential growth rate, an age-related abnormality 
threshold and precision and accuracy of scanning. 
Where local conditions dictate, the information con- 
tained within Table 2 should be adjusted, for example, 
when inter-operator variability reduces canning pre- 
cision. No data have been collected for patients with 
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Table 2. The interval, in months, between scans for cases with aortic diameters less than 45 mm 
Age (years) 
Diameter (mm) 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 >75 
27 48 48 48 48 60 60 . . . . . . . . . . .  
28 48 48 48 48 60 60 . . . . . . . . . . .  
29 48 48 48 48 48 60 60 . . . . . . . . . .  
30 48 48 48 48 48 48 60 60 . . . . . . . . .  
31 48 48 48 48 48 48 48 48 60 . . . . . . . .  
32 36 36 36 36 48 48 48 48 48 48 . . . . . . .  
33 36 36 36 36 36 36 48 48 48 48 48 . . . . . .  
34 36 36 36 36 36 36 36 36 48 48 48 48 . . . . .  
35 24 24 24 24 24 36 36 36 36 36 48 48 48 48 - -  - -  - -  
36 24 24 24 24 24 24 24 24 36 36 36 36 48 48 48 - -  - -  
37 24 24 24 24 24 24 24 24 24 24 24 36 36 36 48 48 48 
38 18 18 18 18 18 18 24 24 24 24 24 24 24 36 36 36 36 
39 18 18 18 18 18 18 18 18 18 24 24 24 24 24 24 24 24 
40 12 12 12 12 12 12 18 18 18 18 18 18 18 24 24 24 24 
41 12 12 12 12 12 12 12 18 18 18 18 18 18 18 18 18 18 
42 6 6 6 6 6 12 12 12 12 18 18 18 18 18 18 18 18 
43 6 6 6 6 6 6 12 12 12 12 12 18 18 18 18 18 18 
44 6 6 6 6 6 6 6 12 12 12 12 12 12 12 12 12 12 
45 3 6 6 6 6 6 6 6 6 6 6 6 6 12 12 12 12 
aortic diameters in excess of 45 mm as above this 
diameter Birmingham patients cease to be managed 
by the screening service and are referred for a full 
vascular assessment and are subsequently managed 
by the vascular surgeon. 
What is a small aneurysm ? 
The terms small and large aneurysm are traditionally 
used to describe the progress of the aortic dilatation. 
But what of the marginally dilated ectatic aorta in a 
transitional or metastable state? The definition of an 
aneurysm as a focal dilatation has served well to 
describe large aneurysms at the point of rupture but 
mass screening has revealed a group of patients with 
enlarged aortas that do not have the (subjective) 
appearance ofa focal dilatation. However, when these 
aortas are monitored some do indeed become large 
aneurysms. This study has shown that between 12 and 
25% of males in the at-risk age groups have a diameter 
that is within the range often referred to as a small 
aneurysm. These slightly dilated aortas could be 
regarded as being in a transitional stage, at risk of 
developing into small aneurysms. Thus a progression 
can be described from the pre-aneurysmal "meta- 
aorta" which majfi in turn, be at risk of becoming a
small aneurysm. It is these meta-aortas that are 
commonly diagnosed in mass screening programmes. 
The term "small aneurysm" should be used to 
describe an aorta that has a high probability of 
attaining high risk of rupture within the patient's 
lifetime. In this way risk is built into the description i  
a more concise way: meta-aorta - - at risk of becoming 
an aneurysm, and aneurysm, large or small - -  at risk 
of rupturing, sooner or later respectively. It is sug- 
gested that for an aorta below 40 mm the term 
aneurysm is not useful and that the term small 
aneurysm be restricted to an aortic diameter of greater 
than 40 mm, 26 but less than the locally defined 
diameter for operative intervention. 
Previous a.uthors attempting to describe the patho- 
logical growth of aneurysms may have been recording 
not just the growth of "small aneurysms" but an 
ageing process being experienced by a substantial 
proportion of the population. It may be impossible to 
distinguish between the processes using ultrasound 
measurement of diameter alone. It is not possible to 
predict, (using this analysis), who, among those with 
minor dilatation, may progress to an aneurysm. 
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